The Cannabis Abuse Screening Test (CAST) aims at screening the problematic use of cannabis. It has never been validated against the Diagnostic and Statistical Manual of Mental Disorders (DSM)-5 and its relationships with this latter have never been studied. We used a probabilistic telephone survey collected in 2014 (1351 past-year cannabis users aged 15-64) implementing the CAST and a DSM-5 adaptation of the Munich Composite International Diagnostic Interview assessing cannabis use disorders. Data were weighted, and CAST items were considered categorical. Factorial structures were assessed with confirmatory factor analyses; the relationships between the instruments were studied with multiple factor analysis (MFA). One factor for the DSM-5 and two correlated factors for the CAST were the best confirmatory factor analyses solutions. The CAST thresholds for screening moderate/severe and severe cannabis use disorders were 5 (sensitivity = 78.2% and specificity = 79.6%) and 8 (sensitivity = 86.0% and specificity = 86.7%), respectively. The MFA identified two orthogonal dimensions: The first was equally shared by both instruments; the second was the second CAST dimension (extreme frequencies of use before midday and alone, memory problems, and reproaches from friends/ family). The CAST structure and screening properties were confirmed. The MFA explains its screening performances by its first dimension and identified the problematic patterns (the second dimension) that are not captured by the DSM-5.
| INTRODUCTION
Cannabis use is widespread and mostly used for recreational purpose.
But as recreational use itself may be linked to health and psychosocial hazards (Hall, 2014) , there is a public health interest in quantifying the magnitude of the "problematic cannabis use" in the general population and not only the cannabis use disorders (CUD) defined by the International Classification of Disease or by the Diagnostic and Statistical Manual of Mental Disorders (DSM). There is no clear definition of a "problematic" cannabis use but the European Monitoring Centre for Drugs and Drug Addictions (EMCDDA) set up a working group on this topic (EMCDDA, 2007) and decided to refer to consumption patterns " … leading to negative consequences on a social or health level, both for the individual user and for the larger community" (Beck & Legleye, 2008, p. 31 ). Short screening tests have thus been developed to monitor problematic cannabis use in general population surveys (Annaheim & Stéphane, 2017) .
Validation of these tests in general population surveys rely on three methodologies. The classic and most common method is to validate the instrument against gold standards derived from the DSM (Bashford, Ross, & Copeland, 2010; Bastiani et al., 2013; Cuenca-Royo et al., 2012; Fernandez-Artamendi, Fernández-Hermida, Muñiz-Fernández, Secades-Villa, & García-Fernández, 2012; Gyepesi et al., 2014; Martin, Copeland, Gates, & Gilmour, 2006; Piontek, Kraus, & Klempova, 2008; Steiner, Baumeister, & Kraus, 2008) . The second method is to explore the Pubmed.com agrawal cannabis dsm 2014 internal structure of the instruments, for instance using item response theory (Annaheim, Scotto, & Gmel, 2010; Langenbucher et al., 2004) , exploratory factor analysis (EFA) and confirmatory factor analysis (CFA), or latent class analysis (Baillie & Teesson, 2010; Muthen, 2006; Teesson, Lynskey, Manor, & Baillie, 2002) . Sometimes, latent class analysis is used to produce a new data-driven reference for the gold standard itself (Garrett, Eaton, & Zeger, 2002; Hawkins, Garrett, & Stephenson, 2001 ) to be used instead. This third method is helpful when the original gold standard is challenged, as has been the case for the DSM-IV TR (Gillespie, Neale, Prescott, Aggen, & Kendler, 2007; Legleye et al., 2015; Legleye, Piontek, Kraus, Morand, & Falissard, 2013) . However, because the release of the DSM-5 changed the conception of the CUD, some previous results obtained with the older versions of the DSM may have to be updated.
In addition, these classical methodologies do not show the concordance between the gold standard and the candidate instrument, what they have in common and to which extent they differ, a knowledge that we believe necessary to provide a correct understanding of the screening properties. False positive and false negative rates and the description of diagnostic orphans (Degenhardt, Coffey, Carlin, Swift, & Patton, 2008) Finally, although the data used for the previous validations were issued from surveys, survey weights were never considered, although not using them may bias the results and lead to erroneous statistical inferences regarding cut-offs or and even latent variable modelling (Asparouhov, 2005) .
The aim of this article is to study further the properties of the Cannabis Abuse Screening Test (CAST), one of the most used test screening for problematic cannabis use in the general population (Annaheim & Legleye, 2017) . First, as in previous validations, but using now the DSM-5, to show the internal structures of the CAST and the DSM-5 using CFA and to determine CAST optimal thresholds for the screening of moderate/severe and severe CUD; second, to study in detail the concordance of the two instruments using a MFA, all analyses using survey weights.
| METHODS

| Sample
The sample was derived from the 2014 Health Barometer, a nationwide random telephone survey targeting non-institutionalized French-speaking individuals aged 15 to 75. Multiple probability inclusions resulting from the number of active (mobile or landline) phone numbers available to reach the respondents were taken into account. The main sample comprised 15,635 individuals. The response rate according to the formula RR2 of the American Association for Public Opinion Research was 57%. Data were calibrated using gender × age, diploma, and region of residence to ensure the representativeness of the sample (Richard, Gautier, Guignard, Léon, & Beck, 2014) . During the interview, a random subsample of 5,294 individuals aged 15-64 answered a specific questionnaire related to drug use: among them, 1,351 were past-year cannabis users, and their responses are those analysed in this paper.
| Measures
The DSM-5 criteria for CUD over the past 12 months were assessed to all past-year cannabis users using the telephone version of the Munich Composite International Diagnostic Interview (Lachner et al., 1998; Wittchen et al., 1995) , in which the item "legal problems" from the original version, based on the DSM-IV TR, was replaced by two questions to produce the craving criteria in the DSM-5 (at least one "yes" defined a positive criterion): "Wanted to smoke cannabis so badly you couldn't think of anything else?" and "Such an urge to smoke cannabis that you couldn't resist it." Based on the classical thresholds of the DSM-5 score (APA, 2013, 5), we retained the following thresholds for the categories of CUD symptoms in the last 12 months: 2+ (any CUD), 4+ (moderate/severe CUD), and 6+ (severe CUD).
The CAST ) was designed to screen for a broader spectrum of cannabis use patterns than CUD, following the EMCDDA definition of problematic use (Beck & Legleye, 2008, p. 31) . It was administered to all past-year cannabis users. The six questions are smoking before midday (C1 "Have you smoked cannabis before midday?"), smoking alone (C2 "Have you smoked cannabis when you were alone?"), memory problems (C3 "Have you had memory problems when you smoked cannabis?"), reproaches from friends/family (C4 "Have friends or family members told you that you should reduce or stop your cannabis consumption?"), unsuccessful attempts to quit (C5 "Have you tried to reduce or stop your cannabis use without succeeding?"), and problems (C6 "Have you had problems because of your cannabis use [argument, fight, accident, poor results at school, etc.]?"). All items are answered on a 5-point scale (0 "never," 1 "rarely," 2 "from time to time," 3 "fairly often," and 4 "very often"). In population surveys, cut-offs of the score that sums all items are used to screen for problematic use and CUD (Annaheim & Stéphane, 2017) .
In the present study, there was no item nonresponse.
| Statistical analyses
The structure of the CAST and the DSM-5 was investigated using EFA and CFA. CFA model fit was examined using the comparative fit index (CFI) and the root mean square error of approximation (RMSEA).
A cut-off of 0.95 on the CFI with a RMSEA below 0.06 was considered adequate (Hu & Bentler, 1999) .
We also computed the Cronbach alpha and correlations of CAST items with the CAST score. The association between the CAST and the DSM-5 was investigated using Pearson's correlation coefficient between scores. With regard to criterion validity, areas under receiver operating characteristic curves (area under curve [AUC]; Rey, Morris-Yates, & Stanislaw, 1992) were computed, as well as sensitivity, specificity, and the Youden index (Y = sensitivity + specificity − 1), for each CAST score against the DSM-5 moderate/severe and severe CUD symptoms (see Section 2.2) in order to determine the best cut-offs.
Finally, we investigated the common underlying structure of the CAST and the DSM-5 using a MFA (Abdi et al., 2013; Escofier & Pagès, 1990; Husson, Lê, & Pagès, 2009 ). MFA deals with data in which individuals are described by several groups of variables (here, the CAST items and the DSM-5 items). Its goal is to exhibit the relations between the intrisic dimensions (i.e., components) of the groups. In our case, all items were considered categorical, and a multiple correspondence analysis (MCA) was first performed on each group to find its partial axes (i.e., components or intrisic dimensions). The global link between the CAST and the DSM-5 is provided by the RV coefficient (Robert & Escoufier, 1976) , ranging from 0 to 1 while the Lg coefficient for each group reflects its dimensionality (Abdi et al., 2013) .
| Methodological considerations
It is noteworthy to remind that factors obtained with CFA and dimensions obtained with MCA/MFA cannot be directly compared (Brown, 2015) : The CFA seeks a reduction in dimensionality and a simplification in structure by allocating items to one factor only, while the factors remain correlated. It is based on statistical tests of a theory- (D3) is the most rarely reported behaviour (2.5%), whereas impaired control is the most prevalent (32.3%). Regarding the CAST, items related to smoking before midday (C1) and smoking alone (C2) are often reported (35.8% and 49.4%), whereas unsuccessful attempt to quit (C5) and cannabis-related problems (C6) are rare in comparison (16.6% and 8.1%, respectively). Based on the DSM-5, 59.9% of the sample did not satisfy the criteria for CUD, although the prevalences of any CUD, moderate/severe, and severe CUD symptoms were 34.1%, 16.0%, and 5.5%, respectively.
| Structures
We explored the structures of the instruments using EFA and CFA.
We tested up to three factors, but as the three-factor solutions always produced poor fit indexes, they are not reported. For the CAST (Table 2) , a CFA with two correlated factors (r = .77, SD = 0.04) provides the best solution (RMSEA = 0.000, 90% CI [0.000, 0.027], p < .05 = 1.000, CFI = 1.000). Factor 1 groups C1 and C2 (uses in the morning or alone) whereas Factor 2 groups C3 to C6. The interpretation is simple: Factor 1 groups patterns of use that do not evoke fun and friends but are not directly linked to problems, that is, non-standard use, in opposition to Factor 2 that regroups personal or social problems.
The Cronbach alpha is .71 but only .58 for the second factor, which is rather low and calls for further examination. Belonging to this factor, Items C5 and C6 have the lowest loadings in EFA and CFA (Table 2) ; they are rarely endorsed, especially C6 (Table 1) , and their correlations with the CAST score are low, especially for C5 (r = .30 for C5 and .33 for C6, whereas the other items range from .48 [C3] to .54 [C2]). For C5, this low correlation is due to a ceiling effect at Category 1: The average CAST score are 1.1, 3.3, 3.6, 3.7, and 2.6 from Categories 0 to 4, respectively.
For the DSM-5 (Table 2) 
| Correlation between the CAST and the DSM-5
The CAST scores range from 0 to 18 (mean = 3.5, SD = 4.3, median = 2);
the corresponding values for the DSM-5 score are 0-10 (mean = 1.5, LEGLEYESD = 2.1, median = 1). The Pearson correlation coefficient between the two is r = .69. Table 3 shows that the discriminant power of the CAST is high 
| Optimal thresholds for the CAST
| MFA: Preliminary separate analyses
The CAST was first studied using MCA. The first three eigenvalues account for respectively 11.1%, 6.9%, and 5.3% of the global inertia and 4.8% with no major disparities between categories) as is the contribution of C6 (8.5%, with 7.0% for Category 3 alone). The main contributors to Axis 3 are C4 (30.6%, with 8.9% for Category 4) and C5 (29.0%, with 13.7% for Category 4) whereas C6 contributes only for 11.5% (9.6% for Category 4 alone).
The two first factorial diagrams are shown in Figure 1 . In the first diagram, Items C1 to C4 present a classic J-shaped pattern from left to right along the first axis from the lowest (0) to the highest category (4),
with Categories 1 to 3 below the first axis and Category 4 well above.
C5 and C6 behave differently: C6 diverges from this pattern for Category 4 (very often) whereas C5 diverges completely. In the second diagram (Axes 1 and 3), the pattern is a little erratic on the third axis, but the overall layout is the same for all items, with the highest categories positioned lower.
In summary, the first dimension of the CAST is a combination of all CAST items, whereas the second is driven by the extreme frequencies of non-standard use (C1 and C2), memory problems (C3), and to a lesser extent reproaches (C4) and frequent problems (C6), as opposed to low-intermediate frequencies (i.e., Categories 1 to 3) for these items. The third CAST axis is a mix of extreme frequencies of reproaches (C4), unsuccessful attempts to quit (C5) and problems (C6).
The MCA of the DSM-5 provides three first eigenvalues that explain 30.0%, 10.1%, and 8.9% of the total inertia, respectively, two dimensions being sufficient for an adequate description (Lg = 1.57), the DSM-5 being almost one-dimensional. All items contribute to the first dimension, and all except three remain close to the second or third axis in Figure 2 . The exceptions are Items D3 (craving), D1
(role impairment), and D10 (reduced activities): They are the major contributors to the second axis (39.0%, 19.2%, and 15.4%, respectively) whereas D3 is the major contributor to Axis 3 (24.0%). Craving thus has a special role in the DSM-5, because it strongly contributes to the second and third dimensions.
| MFA: Communalities of the CAST and the DSM-5
The RV coefficient between the CAST and the DSM-5 is .23, a rather low value due to the large difference in Lg coefficients. The first three eigenvalues of the compromise account respectively for 13.8%, 5.2%, and 4.4% of the total inertia (obtained for 35 eigenvalues), two dimensions being sufficient for an adequate description (Lg = 2.33). Figure 3 shows the projections of the first three partial axes of the DSM-5 and the CAST in the two first factorial plans (the subsequent partial axes are negligible and were discarded). The two instruments contribute equally to the first dimension (50%), whereas the CAST is In summary, Figures 1-3 show that the CAST and the DSM-5 have a first strong dimension in common, but that beyond, variance is almost completely due to the CAST. The DSM-5 contributions to the second and third common dimensions are negligible. Figure 4 shows the partial representations of some particular answers to the CAST and DSM-5 items. For example, people answering "rarely" not adequately detected by the DSM-5, with the exception of C5 = 4, which is close to 0.
| MFA: Differences between the DSM and the CAST
| DISCUSSION
| Summary
We found that, according to CFA, the DSM-5 could be considered unidimensionnal (although two correlated factors provided the best solution), whereas the CAST has two correlated factors, non-standard use (C1 and C2) and problems (C3 to C6). The CAST showed high discriminant power to screen for moderate/severe and severe DSM-5 CUD symptoms (cut-off = 5 and 8, respectively). Using MFA, we showed that the relationships between the CAST and the DSM-5 can be described by two orthogonal common main dimensions. The first and major common dimension is equally shared by both instruments:
It may be interpreted from the CAST or the DSM-5 point of view as a sum of intensity of use and problems or DSM-5 symptoms and thus reflects the correlation between the scores of the two instruments.
The second common dimension is the second CAST dimension exclusively. Our study explains why the CAST shows good performances in screening for DSM-5 diagnoses: This is due to the first dimension that is common to both instruments. On the opposite, our study explains why the CAST screens individuals that are not diagnosed by the DSM-5 although they present many behaviours that can be associated with cannabis disorders (Bastiani et al., 2017; Legleye et al., 2011) and why the proportion of false positives is high (see Table 3 ). Some people who report very often smoking cannabis before midday or alone (C1 and C2), having memory problems (C3), or receiving reproaches from their friends/family (C4) do not answer positively to most of the DSM-5 items and are not detected by the DSM-5 CUD diagnoses. This structure confirms that the CAST screens a broader spectrum of cannabis use patterns than the DSM-5.
Despite this finding, it is noteworthy to remind that, as the DSM-5 CUD prevalences are low (see Table 1 ), it is not surprising to get low positive predictive values and high false positive rates, even with high sensibility and specificity (Altman & Bland, 1994; Murphy et al., 1987) .
| Comparison with other studies
This study confirms some previous results obtained in adults (Cuenca-Royo et al., 2012; Gyepesi et al., 2014; Legleye et al., 2015; Sznitman, 2016) or in adolescents Legleye et al., 2013) . The CAST structure obtained using CFA is similar (same factors, similar loadings and high correlation between factors) and despite the use of the DSM-5 instead of an empirical gold standard derived from the DSM-IV TR, the cut-offs for screening DSM classes of symptoms are identical, suggesting that the previous empirical classes of symptoms were very close to the DSM-5 class of symptoms. This is an important result because it was obtained with a larger sample and with weighted analyses.
The study also sheds light on the particular behaviour of C5 and C6. Their low correlations with the CAST score have already been noted although not investigated in previous publications (Legleye et al., 2015; Legleye et al., 2011) . In particular, we show that C5 has a special role within the CAST because of its ceiling effect. This may be due to its complex negative wording and thus suggests that this needs to be reviewed. Nevertheless, we show that this item contributes only to the first common axis in the MFA and thus the DSM-5,
showing that it fits its purpose, which is to capture behaviours that are strongly related to craving and dependence. Alongside, very few individuals reported extreme frequency for C6: These findings could question the rating of C5 and C6 so as to improve the CAST structure and possibly its screening properties (Bastiani et al., 2013) .
In contrast, the specific, strong correlation between the non-standard use (C1 and C2) and the DSM-5, and its potential to improve the consistency and the screening properties of the DSM has already been noted in adolescents (Piontek, Kraus, Legleye, & Buhringer, 2011) . Our study shows that memory problems (C3) could also play a similar role, because this dimension shows a very similar pattern in MFA.
Regarding DSM-5, we found that a two-factor solution (with craving and impaired control as secondary factor) had better fit indexes than the expected unidimensional structure. Similar results were already found in the stufy of Agrawal et al., 2014 , but this calls for replications, and further research has to study whether these two items measure the same construct.
| Limitations
Despite its large and representative sample, this study has a number of As found recently, the CAST is not fully invariant towards age (Sznitman, 2016) , whereas some items in the DSM itself are not fully invariant towards gender (Agrawal & Linskey, 2007; Piontek et al., 2011) and possibly both age and gender (Legleye et al., 2015) . A stratified MFA could be used to study the communalities of the CAST and the DSM in various age and gender groups, but testing the influence of age and gender on the relationships between the CAST and the DSM would require totally different methods, beyond the scope of this article.
This study used survey data collected in general population: We focussed on CUD that is usually monitored in public health. We did not consider withdrawal or intoxication that are usually of interest in clinical setting. However, a replication of the study in clinical setting, where the CUD can be administered by a trained physician, would be of great interest to describe the patterns of problematic use that are not considered in the DSM-5. A longitudinal follow-up may also help evaluating the concept of problematic use and its predictive power on future functioning.
| CONCLUSION
The CAST was designed to screen for problematic use in the general population. This study confirmed its latent structure and its performance in screening for DSM-5 CUD diagnoses. These latter are explained by the strong dimension that the CAST and the DSM-5 have in common. On the opposite, the second CAST dimension, defined by extreme frequencies of use before midday and alone, memory problems, and reproaches from friends/family, is almost orthogonal to the DSM-5, explaining why the CAST screens for patterns that are not detected by the DSM-5.
